ZOOLOGIA 27 (3): 353-362, June, 2010 50% tree cover and average tree height of three to six meters. The cerradão is an almost closed woodland with a 50% to 90%crown tree cover (trees are often three to eight meters, or taller), casting considerable shade that reduces surface exposure (OLIVEIRA-FILHO & RATTER 2002) .
Ground spiders were collected using pitfall traps. Each trap consisted of a plastic jar 7 cm in diameter and 10 cm long. Traps were inserted into the ground and were half filled with a mixture of 70% ethanol and glycerol. In each phytophysiognomy, an area of 2,592 m 2 was divided into 12 quadrants of 12 x 18 m each. One quadrant in each habitat type was sampled every two months. Traps were aligned in five rows, each containing eight traps, with a distance of two meters between rows and between traps. Traps were left in the field for five consecutive days. Each quadrant was sampled only once. The total trapping effort involved 2,400 traps for each site, sampled between April, 2005 and February, 2007. Adults were sexed and identified to the lowest taxonomic level possible. All specimens were identified at least to family. For the analyses, BioEstat 5.0 was used (AYRES et al. 2007) . Spider abundances were used in stepwise multiple regressions against the following local environmental variables: maximum, minimum and medium temperature, relative humidity, total precipitation and maximum precipitation during 24 hours. Because we wanted to investigate whether climatic variables affect the araneofauna and, if so, to ascertain whether the effect of these variables is immediate or delayed, we analyzed data pertaining to the sampling month as well as data from one and two months prior to sampling. Voucher specimens were deposited in the Arachnida and Myriapoda Collection of the Instituto Butantan, São Paulo, Brazil (Curator: A.D. Brescovit).
RESULTS
The species composition of the ground-dwelling spiders, as well as their distribution over the two years of the study, varied according to habitat type and season. A total of 111 species, 31 families and 3,529 individuals were collected (Appendix 1). Most spiders were collected during the wet season (N = 2,578 individuals and 90 species). In the dry season, 951 individuals and 51 species were captured. Of the species sampled, 58 were restricted to the wet season, whereas 19 were found exclusively during the dry season. Several families (N = 11, 35%) and many species (N = 67, 60%) were represented by less than three individuals. Only two species were sampled throughout the 12 periods of collection: Apopyllus silvestrii (Simon, 1905) (N = 73), and Hahniidae sp. 1 (N = 76). Twenty-nine percent of the specimens were captured in the campo cerrado, 37% in the cerrado and 34% in the cerradão.
Climate variables affected spider abundance differently, depending on the sex and age of the spiders and the phytophysiognomy of the sampling site (Tab. I). Total spider abundance was affected primarily by relative humidity two months before sampling. Additionally, in the Cerradão, climatic changes in the sampling month also influenced the spiders. Richness and abundance of males were affected by different climate variables depending on habitat type, for example, abundance of females from the three habitat types were influenced mainly by maximum temperature and maximum precipitation in a period of 24 h during the sampling month. Juveniles in the Cerrado and Cerradão were affected by distinct climatic factors: temperature, humidity and precipitation, starting two months before sampling. Juvenile abundance and richness in the Campo cerrado, and male abundance in the Cerradão were not affected by any of the climate variables measured. The number of juveniles was higher than that of adults in all habitat types and seasons, with the exception of the wet season in the Cerrado and Cerradão. During the two years of our study, the highest number of males was observed in October (N = 1,131), except for the Campo Cerrado, where the abundance of males during the first year was higher in December (Figs 3-6) .
Abundance of females did not change significantly during the two years. During the first year, the lowest abundance of juveniles was recorded in October and, over the second year, Table I . Significant relationships between ground spiders of three phytophysiognomies of the Brazilian savanna and climate variables (maximum, medium and minimum temperature, relative humidity, total precipitation and maximum precipitation in a period of 24 hours) collected one and two months before, and during the sampling month, through multiple linear regression stepwise. in April in Campo Cerrado, and in June in the two other habitat types. April was the month with the lowest spider abundance of (N = 265). In the campo cerrado, 71% of the spiders were recorded during the wet season. Both dry and wet seasons had a higher proportion of juveniles than adults (58% and 55%, respectively). The same occurred in the Cerrado, where more individuals were registered during the wet season (70%) but the largest proportion of juveniles was collected during dry season (64%). In the Cerradão, the same pattern was found: more spiders were collected during the wet season (78%) and a higher proportion of juveniles in the dry season (62%).
The overall sex ratio of adult spiders showed a malebias (1.00 male: 0.27 female). When the eight most common families were analyzed separately, the result was a strong numerical dominance of Zodariidae males during the wet season in all areas (N = 117 in Campo Cerrado, 174 in Cerrado and 153 in Cerradão), which influenced the overall sex ratio . In general, the abundance of males was higher than that of females in both dry and wet seasons. Nevertheless, during the dry season, lycosids and hahniids (Campo Cerrado and Cerrado), and corinnids (Campo Cerrado) were more strongly represented by females than males. The same was true for the hahniids collected during wet season in Cerradão.
In the Campo Cerrado, sex ratio was 1.00 male: 0.20 females in the dry season and 1.00 male: 0.23 female in the wet season. In the Cerrado, sex ratio was 1.00 male: 0.35 female in dry season and 1.00 male: 0.34 female in wet season. In Cerradão, 1.00 male: 0.48 female were sampled in the dry season and 1.00 male: 0.28 female during wet season. No significant differences were found between the sex ratios in the three vegetation types (F = 6.4040, p = 0.0578) nor between the seasons (F = 0.7152, p = 0.5445).
In the Campo Cerrado, the most abundant families were Lycosidae (N = 220, 21%), Zodariidae (N = 212, 21%) and Linyphiidae (N = 115, 11%). The three most abundant species accounted for 22% of the total individuals. These were: Linyphiidae sp 2 (N = 82), with a higher abundance in February (N = 19) and August (N = 58); Leprolochus sp (N = 80), found during most of the year, with higher abundance in the wet season from October to February (N = 68), and Tenedos perfidus (Jocqué & Baert, 2002) Overall, the most abundant species in this study was T. perfidus, found in all phytophysiognomies. The abundance of this species followed a gradient of complexity from the Cerrado to the Cerradão (N = 58 in the Campo Cerrado, 130 in the Cerrado and 162 in the Cerradão). It was more abundant during the wet season (N = 347) than in the dry season (only two males and one female in the Cerrado). The distribution of this species over the year in each habitat type is described above. Males dominated the sample (N = 312). Sex ratio varied from 1.00 male: 0.12 female during wet season to 1.00 male: 0.50 female during dry season.
Figures 3-6. Total abundance of individuals sampled from the three Brazilian Savanna phytophysiognomies (3) and abundance of females, males and juveniles per area, (4) campo cerrado, (5) cerrado, and (6) Figures 7-12. Proportion of males and females of the most common families of spiders found on the ground of the Panga Ecological Station, Minas Gerais, Brazil, in three distinct vegetal physiognomies: "campo cerrado" (7-8), "cerrado" (9-10) and "cerradão" (11-12) during dry (7, 9, and 11) and wet season (8, 10, and 12). 
DISCUSSION
Our results suggest that seasonal variation in abiotic factors influence the abundance, distribution and richness of spider species in the study area in the Brazilian Savanna. The impact of these factors on ground-dwelling spiders varied among habitat types. In general, delayed climatic conditions exerted more effects on spider populations than current conditions. This pattern was also observed in similar studies on spiders (ARANGO et al. 2000 , ROMERO & VASCONCELLOS-NETO 2003 . Severe dry seasons in some tropical regions, such as observed in the Brazilian Savanna, are likely the main factor reducing the abundance of arthropods, including spiders, in some periods of the year (JANZEN & SCHOENER 1968 , JANZEN 1973 .
The quantity and quality of litter (as other factors) vary within phytophysiognomies, from almost nothing in the Campo Cerrado to a complex stratum in the Cerradão (OLIVEIRA-FILHO & RATTER 2002) . Using experimental designs, BULTMAN & UETZ (1982) were able to discriminate between the role of forest litter as a nutritional base for spider prey and its role of providing a spatially complex substrate. In that study, webbuilders were more abundant in structured, artificial litter, whereas hunting spiders preferred the prey-rich natural litter. Plant species in the tropical savannas have a great diversity of phenological strategies (OLIVEIRA-FILHO & RATTER 2002) . These differing strategies result in different patterns of abundance of herbivorous insects at any given period of the year, depending on resource availability (PINHEIRO et al. 2002) , that will reflect on the abundance, diversity and seasonality of predators.
The higher proportion of adults trapped during the wet season and juveniles in the dry season indicate that many species have their period of reproduction during the wet season, particularly in October. During the reproductive season, males are probably more active searching for mates; consequently, they have a higher probability of being captured in the traps. In the first year of study, there was no marked peak in seasonal male abundance, probably because the heavy rains started late(November). During the second year, when precipitation was normal (starting in September), most spiders (predominantly males)were captured in October.
The overall sex ratio of adult spiders also changed over the year. Male dominance was expected since more active individuals are more likely to fall into the traps (ADIS 2002). However, with the exception of four families, the male bias in the samples was greater in the wet season, suggesting that it can vary.
Even though Zodariidae and Lycosidae were the most frequent families in our samples for all three phytophysiognomies, the species within each habitat were different. The only exception was T. perfidus (Zodariidae), found in all three. The high abundance of this species is one of the most important findings of this study, because T. perfidus is endemic to the Brazilian Savanna. Previous information about this species in the literature is restricted to the original taxonomic description (see JOCQUÉ & BAERT 2002) .
The present study found distinct compositions of spider species in the three habitat types sampled, with seasonal distribution and variations in sex ratios throughout the year. There were effects of climatic variables, notably humidity, but many other factors need to be investigated, including the diversity of hunting strategies and habitat selecion practiced by the animals, characteristics of the vegetation, prey availability and natural enemies. This is the first long term study investigating spider diversity and its relationship with seasonal variation and habitat distribution in the Brazilian tropical Savannas. The authors hope that it may stimulate other research projects in the future. Theridiidae  1  3  7  33  46  42  18 
